Abstract

23
Changes in observed daily precipitation over the conterminous United States between two 30 24 year periods (1950-1979 and 1980-2009) the two periods is also examined.
30
There have been more light (1 mm ≤ P < 10 mm), moderate (10 mm ≤ P < 25 mm) and heavy
31
(P ≥ 25 mm) daily precipitation events (P) in many regions of the country during the more recent Kunkel et al. 2003 Kunkel et al. , 2008 Groisman et al. 2005 Groisman et al. , 2012 . Notably, Groisman et al (2012) 79 documented significant increases in the frequency of ''very heavy'' rain events (defined as daily 80 events above 3 inches) and "extreme" precipitation events ( defined as daily and multi-day rain 81 events with totals above 6 inches) over the central United States during a recent 31-year period 82 ) when compared to the previous 31-year period (1948-1978) . The present study 83 builds on the work of Groisman et al (2012) to consider changes in the frequency and intensity of 84 all daily and multi-day precipitation events over the United States.
85
In this study return periods are also used to estimate intervals of time between daily 86 precipitation events in the two 30-year periods. The analysis is restricted to return periods that 87 are no longer than one-third the length of a sub-period (i.e. 10 years), and intervals for both concentrations may have led to changes in daily precipitation over the conterminous United
98
States during the past several decades is not examined here.
99
Our study builds on previous work on daily precipitation statistics over the United States 1998; Ropelewski and Halpert 1986, 1996; Trenberth et al. 2003) . When these studies
123
are considered together, it is fair to conclude that there is not a consensus on the local and 124 regional impacts of interannual climate variability on daily precipitation over the United States.
125
There are many reasons for this, including the relatively low-resolution of the datasets employed analysis used here (horizontal resolution is roughly 25 km) offers an opportunity to re-examine 129 these linkages in more detail than was possible in many of the earlier studies.
130
In this study the focus is on the extent to which changes in daily precipitation between the The number of El Niño, La Niña and neutral events in each 30-year period are shown in Table 1 .
199
Results are shown for non-overlapping 3-month seasons. In section 3.4 the changes in daily 30-year periods. The average intensity of the events, again based on the ONI, is shown in Table   202 2. Again the results are shown for non-overlapping 3-month seasons. Based on the ONI, the spring, summer and autumn respectively.
225
For the results in section 3 (Figs. 2-5, and 7-10), locations where daily precipitation is less 226 than 0.5 mm day -1 (based on a climatology for 
Results
240
Changes in Daily Precipitation Events
241
The percent change in average daily precipitation between the two 30-year periods (1980-242 2009 minus 1950-1979) by season is shown in Fig. 2 The percent change in annual precipitation (Fig. 4, Coast that are evident in the seasonal results (Fig. 2) . The results also reflect the fact that in some 253 areas the changes are opposite for different seasons and that the annual values are not just a simple 254 addition of the four panels in Fig. 2 .
255
The percent change in the number of daily precipitation events (P≥1mm) between the two 30- winter) where the spatial variability is large and the average daily precipitation is small.
274
In general, the number of daily precipitation events has increased in all 3 bands, except in 275 portions of the Southeast and in scattered areas of the West for the moderate band (Fig. 5,   276 middle) and in portions of the Southeast and along the Pacific Northwest Coast for the heaviest 277 band (Fig. 5, bottom) . Changes in the seasonal number of daily precipitation events for the United States between two 31-year periods (1948-1978 and 1979-2009 
Changes in Multi-day Precipitation Events
319
An examination of the percent change (1980-2009 minus 1950-1979) 
Return Periods
337
Return periods are used to examine how the frequency of rare events may have changed 338 between the two 30-year periods (i.e. 1950-1979 and 1980-2009 to the ranked daily precipitation data. In particular, 1950-1979 is used as the reference period.
344
The analysis is restricted to return periods that are no longer than one-third the length of a sub- 
Role of ENSO
388
The possible role of changes in the El Niño Southern Oscillation (ENSO) cycle as an 389 explanation for changes in daily precipitation between the two 30-year periods is examined next.
390
The ONI (section 2.2) is used as the basis for determining the number of El Niño, La Niña and 391 neutral events and their average intensity during the two 30-year periods (see Tables 1 and 2 ).
392
As in section 3.1, the analysis is restricted to non-overlapping seasons (JFM, AMJ, JAS, OND) 393 so that the sample size of daily precipitation events is sufficiently large.
394
The percent change in the average daily precipitation (1980-2009 minus 1950-1979) was 395 computed for El Niño, La Niña and ENSO-neutral periods (Fig. 9 ) using the classification given Niño (Fig. 9a ), La Niña (Fig. 9b ) and the straight difference (Fig. 2) States are similar throughout the annual cycle for El Niño (Fig. 11) , ENSO-neutral (Figs. 13) 
416
and for the more recent 30-year period (Fig. 6) . Increases in the number of light events over the 417 conterminous United States are similar for La Niña (Fig. 12) during AMJ, JAS and OND, but are 418 smaller with some areas actually showing decreases during JFM.
419
In the fall (OND) there was a roughly 10% increase in the number of moderate (10 mm ≤ P < 420 25 mm) and heavy (P ≥ 25 mm) daily precipitation events over the conterminous United States 421 during the most recent 30-year period (Fig. 6 ). Similar increases have been observed during El 422 Niño ( Fig. 11 ), La Niña (Fig. 12) , and ENSO-neutral (Fig. 13) events during the fall. In contrast,
423
during the winter, spring and summer the changes have been much smaller during the most 424 recent 30-year period (Fig. 6) . Some of the changes were much larger during El Niño, La Niña 425 and ENSO neutral periods (depending on the season and the intensity of the events), but these 426 large changes were often in the opposite sense to account for the small net changes.
428
Summary
429
There have been more light (1 mm ≤ P < 10 mm), moderate (10 mm ≤ P < 25 mm) and heavy Southeast and over the western United States.
440
Our confidence in the observed changes in extremes depends on the quality and quantity of 441 data, which is relatively good over the United States, especially the eastern 2/3 rd of the country.
442
Extreme events are rare which means there are relatively few data available to make assessments 443 regarding changes in their frequency or intensity. The rarer the event the more difficult it is to 444 identify long-term changes. This is consistent with the results presented here on return periods.
445
In follow on studies we plan to investigate the ability of the Climate Forecast System (CFS) Index (ONI) during 1950-1979 (left) and 1980-2009 (right 
556
Figure 2. Percent change in average daily precipitation (1980-2009 minus 1950-1979) . convention for x-axis labels is as follows: 1, 2,… refer to intervals 1-2 mm, 2-3 mm,..., etc. shown by season for 1-10 mm and 10-50 mm bands based on computations at 1 mm intervals.
616
The convention for x-axis labels is as follows: 1, 2,… refer to intervals 1-2 mm, 2-3 mm,..., etc. shown by season for 1-10 mm and 10-50 mm bands based on computations at 1 mm intervals.
621
The convention for x-axis labels is as follows: 1, 2,… refer to intervals 1-2 mm, 2-3 mm,..., etc. 
